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RESULTS

Crystal structures of tandem PTP domains of rat PTPRZ
We achieved the crystallization of the whole intracellular region of rat PTPRZ (rat PTPRZ-ICR) using the sitting-drop vapordiffusion method, and succeeded in solving the structure at 3.32 Å resolution ( Fig. 1 and Table   S1 ). The structure showed "head-to-toe dimer" formation, as reported for the structure of PTPRG-D1D2 (PDB accession number, 2NLK) (8) . Contact sites across the dimer interface are shown in Figure 2A . This interaction involved extensive electrostatic interactions between an electropositive pocket at the active center of D1 in one molecule and an electronegative surface between strands β10-β11 of D2 in the other molecule (see the right panels in Fig. 2Aa and Ab). The approximate area of the solventaccessible interface between the two molecules was calculated to be 1230 Å 2 (5.1% of the total Head-to-toe RPTP dimerization 5 surface), and multiple hydrogen bonds and salt bridges were estimated using PDBePISA (Table S2) , with two residues of Asp-2178 and Asp-2179 within the loop connecting strands β10-β11 in D2 exhibiting the most extensive interactions (Fig. 2B ). These structural features are similar to those reported for the dimer structure of PTPRG (8) .
Masking the active site in D1 with D2 in response to ligand binding Mass spectrometry (MS) under nondenaturing conditions, referred to as native MS, was used to investigate non-covalent molecular interactions in aqueous solution (14) . Native MS revealed that PTPRZ-ICR proteins were in monomer-dimer equilibrium in solution, and dimers were observed in the concentrations higher than 3.2 µM (Fig. 3A) . (Fig. 4) , indicating that SCB4380 did not bind to D2.
These results strengthened our view that "head-to-toe dimer" formation underlies the ligand-induced inactivation of PTPRZ. These results were summarized in Figure 5 . The involvement of these factors in "head-totoe dimerization" needs to be investigated in future studies.
Role of D2 in ligand-induced PTPRZ inactivation
EXPERIMENTAL PROCEDURES
Ethics statement and experimental animals. All animal experimental protocols used in the present study were approved by the Institutional Animal Care and Use Committee of National Institutes of Natural Sciences, Japan (Approval number, 17A020). Mouse pups were handled gently to minimize stress and quickly decapitated without anesthesia, and brains were collected.
Ptprz-null knockout mice (18) and
Ptprz-DD2-knockin mice 5 and Ptprz-CSknockin mice (19) were backcrossed with the inbred C57BL/6J strain (CLEA Japan) (wildtype) for more than ten generations.
Reagents and antibodies. SCB4380 Triton X-100 in TBS).
Image and statistical analyses.
Quantitative image analyses were performed using ImageJ software (NIH) or Adobe Photoshop CS6 software (Adobe Systems).
Statistical analyses were performed using IBM
SPSS Statistics 25 software (IBM).
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